Discussion will be made

POST-BUCKLING BEHAVIOR AND IMPERFECTION-SENSITIVITY
The notion of imperfection-sensitivity and its relation to the post-buckling behavior of perfect structures will play an essential role in the problems to be surveyed. The solid curves in Figure 1 , based on the studies of Koiter'**. illustrate several kinds of bifurcations in the variation of load with buckling displacement that are encountered when buckling of a perfect structure Is analyzed as a linear eigenvalue problem. to be a measure of the amplitude of a unique buckling mode corresponding to the buckling load associated with the lowest eigenvalue. The first two sketches illustrate symmetrical bifurcations, for which the initial post-buckling behavior la independent of the sign of the buckling displacement. Only synnnetrical bifurcations occur in all of the problems of this paper but asymmetrical bifurcations illustrated in the last sketch are also theoretically possible. The dotted curves show how the applied load varies with displacement when the structure contains an initial deflection in the shape of the buckling mode. If, as shown in the first sketch, the load on the perfect structure drops after buckling, then the load on the imperfect structure attains a local maximum which is lower than the classical buckling load of the perfect structure. local maximum would be associated with a sudden, possibly catastrophic, increase in displacement which, in a test, would be characterized as buckling. If, as in the case Illustrated by the second sketch, the load on the perfect structure with results shown by the circles. specimens were clamped, rather than simply supported but his own calculated buckling loads for this case were only a little higher than those given by the curve in Figure 5 . Thus, the discrepancies between the test results and theoretically calculated buckling loads are consistent with the imperfection-sensitivity implied by the negative values of b that were found for simply supported toroidal segments in the ranges of 2 corresponding to the test specimens.
Yao's STIFFENED CYLINDERS UNDER AXIAL COMPRESSION
There has been much interest recently in the exciting rediscovery of van der Neut's early theoretical observation1 O, now well confimed by tests, that outside stringers can be much more effective than inside stringers in stiffening a circular cylinder against buckling under axial compression. It has been suggested occasionally that classical theories of buckling should be reliable for the quantitative prediction of the buckling loads of stiffened cylinders regardless of whether the stiffeners are inside or outside.
Recent calculatiod ', however, have shown chis not to be so and an example is given in Figure 6 for a simply supported cylinder. If torsional stiffness of the stringers is neglected, three parameters are needed to characterize the stiffening. These are the area ratio AS/dt , the bending stiffness ratio EIS/Dt , and the eccentricity ratio mf where center line to the centroid of the stringer, is considered to be positive for outside stiffening and negative for inside stiffening. The values chosen for these nondimensional parameters in the present example correspond to only moderately heavy stiffening and are shown in Figure 6 . The curves at the top of Figure 6 give, as a function of 2 , the buckling load per unit circumference of the stiffened cylinder divided by the corresponding quantity for the unstiffened cylinder, and were calculated on the basis of "smeared-out'' stiffener properties. These results imply the superiority of outside over insilie stringers. This conclusion, however, must clearly be tempered by the results for the post-buckling coefficient b which show that the cylinder with outside stiffening is generally much more imperfection-sensitive than the one with inside stiffening. coefficient b in this figure is still defined with respect to buckling displacements normalized by the skin thickness and not by any larger effective thickness of the shell-stringer combination. Consequently, over a substantial range of 2 in the vicinity of 100 it appears that the effects of initial imperfections In reducing the strength of cylinders with outside stringers below the theoretically predicted classical buckling loads would be by no means negligible. On the other hand, it is interesting to note that in the range of high 2 above 1000 bcth :-si& a-4 =.Jt.?ida etiffezers izducs "..it", comparable imperfection-sensitivity and so the benefits of outside stiffening would appear to be s , the distance from the skin It should be emphasized that the 7 --quite dependable in this range. In any event, the most important conclusion to be drawn is that without supporting evidence, either experimental or theoretical, it would be quite incorrect to assume that classical buckling theory is adequate for the prediction of the buckling strength of stiffened cylinders under axial compression, especially if the stiffening is on the outside.
STRUCTURES WITH RANDOM IMPERFECTIONS
The kinds of investigations just discussed serve to demonstrate whether or not a given configuration is imperfection-sensitive but indicate only qualitatively the degree of such sensitivity; they can not be used to predict the actual buckling load of a given structure that is imperfection-sensitive. One reason for this deficiency is that the initial imperfection certainly does not have precisely the shape of the classical buckling mode, as assumed in the analyses. On the other hand, it does not seem very sensible to attempt to develop methods of analyses based upon a very detailed knowledge of the imperfection in the structure under consideration. to correlate the buckling strengths of imperfect structures with appropriate statistical descriptions of their initial imperfections. To that end the pilot problem illustrated in Figure 7 has recently been studied12. In this problem an infinitely long column rests on a nonlinear "softening" foundation-and is supposed to have an initial displacement W that is assumed to be a stationary random function of position along the length of the beam. The perfect structure has a continuous spectrum of buckling loads corresponding to the spectrum of buckle modes sin x/k where I can have any value. The critical buckling load Pc however, occurs for a particular value kc of this wave-length parameter. It is evident that not only will initial imperfections in the shape of the critical buckling mode influence the actual static buckling load of the imperfect structure so will, to some extent, imperfections having any other shape. It is supposed that the mean-square imperfection xz is known, as is the correlation function R of the imperfection (considered a function of the nondimensional parameter E -x/kc ) , The associated power spectral density S($) is defined conventionally as the Fourier transform of the correlation function. The kinds of results that were found for this problem (by means of approximate techniques that lean heavily on the so-called method of equivalent linearization) are illustrated in Figure 8 . is one choice that was made (arbitrarily) for the correlation function of the imperfection, and the associated power spectral density, both characterized by the single parameter k in addition to the mean-square imperfection Tz . 
